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EXPLANATION OF PROFILE SYMBOLS
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Figure 2. Location of the scarp of the Toe Jam Hill fault on southern Bainbridge Island including exploratory trenches, scarp profiles, soils pits, gouge cores (numbered cores were described in the field), and other
data locations (labeled grid is UTM). Location of the study area in the Puget Lowland is shown on location map in accompanying text (Figure 1). Susan Rhea created the contours from ALSM imagery provided by
Kitsap County Public Utilities District No. 1. The DEM (digital elevation model; gray-shaded base) was developed from the same imagery by Ralph Haugerud. Roads identifiable on the DEM are marked in light tan.
Place names are from USGS Bremerton East 7.5' quadrangle and Elfendahl (1997). Trench names and "Mossy Lane" are informal names used in this study. Scarp profiles at top of plate shown by a solid red line
were measured prior to trenching with a rod and digital level (methods of Machette, 1989; red dots show end points of profile segments). The Blacktail profile and the higher of the two Crane Lake profiles (green
dashed lines) were traced from the top of the Blacktail and Crane Lake trench logs. Blue lines are surfaces from which scarp heights and offsets were measured (methods of Machette, 1989).

BTN 7 Y e RS R
L gl oM i'h'm' %\‘.\"’“ 4

RS,
g gy

27 e\
I ot M

)

s

U

f
\

i

A\ A JII//I/ 7/ I’
}\\‘\ ! | ' :‘;— 4577‘;;"{4//‘,31{:‘;#
TSN\ T . Z4at - n: i ZI
/ K\:rﬁﬂ?_. " m / /{l///g /\

~1|| 3 1—’\ e
\ lith :{k“& b TR

536000

Sy
f}\\\\\\( il \
‘, ‘\&\\\\\\ ;‘;! !f‘ LI

i
vl i
(\\' 3t

i

AR

N '*:,,," | ';'Ig.': :h!“\:

Wi

i ,l (i'
|

I

| .

Sl eYan

My -.M. ..,.l Mie
| II:.',

5

- l“y"‘,,.t' )

:.:--Jn‘»a,-lli!;' ‘\\ t\\‘\(q‘
A RN
.:,L'h 'li v

(

|

/|

= L AN TN

W

a

N
SN

IRRARN
AN

|

TN
O L e
IRE
)

AF

)

I

y

it

\

)

> %

I /e T
!l‘lm,,’ "'

‘f
4
&

!ﬂ

) SN0

)\

o |
¥

NN\

W .
NS e
> )

’-‘ 3
\
\

B
7

\
gai"

p

)
'
|

R

)
f
L

i
\

L
.
=
N

= rﬂ"

e ——

i

20

N

|

i gll}:"?‘
| P 1 ]
i

o,
y )
f

4

_7;.

MRS

SR

\ \
\\ R

R
\
| O “‘ P
N ‘m.'
r‘
A g
A\

e

I

N
|

1

et
Ar._mll\\

\

"N
_,-:6“}

L

4
EL. Ik

N
)”f@- g

|

/]

/7 »t,/‘ : "!;-‘ 1 >

.'.e~ ',ii"lﬂ.lf-‘-

AN S
i)

i,

lln\};!i-\i

Y /// /
)

\\‘vg;i' i L=

([

i
i

(&

- L]
\| ] - y o, [
e I‘- q*

i
F— *—
S== ——
===
= ————
—_——
= - =
= F & -
——

e T
i]ill.,:;';’a %, 1 ‘\

il

S N [
""| '., |||~1"

v e L ORI

\
\

X
T

i
I \\ {
MNN 27 78 8
FRONNCC T b N
) ,.,/a;ﬂw}%’*\: >4 N T

'._;_-,-"k\%"

g
N g

/
\
)

' %-""5’4\\\\1\@ |

IS
\\\\\“"’ by s, Y
.f,') \g\\%\%: ,“"" -ﬁti " (
il ! \

LAl
\

A gy

(s
S A e R s & 22777 Wizt

- /o s
Vi V. B T
) b |
= N - gt ‘ |
K - iy,
gy g R0
[

*
s AR

0 &
| 1"' i 2
;-.. I-IL et 4 X H |
‘- &y ‘:.ﬂ“ A ‘_h'- -

) :';"' -..‘E-:. 'i'l '-:"@";'-'E -

\ L~ ¥ 744k
r_kl_ '-r"f v.&i’b: :.

'-

\\' N \}
W) P‘fu: N
QU R Ty

e E R AN
I

- ll "\ k‘ .

NS Sy @ ,.“-\ . ‘ n)

¥ I \ -'-l\,"._.',]/“r L)
:.‘5‘{‘}’\‘ NN

\
N

N

\\

AW
W
AR
INNY
| ¢ A\ \ \'

(4

Q
)
N

e
)

i

@
Sl
I

}

‘)1- ‘
N
".

\

\

N\

\

f)

\

\

“F\‘..s?
) !/ ;-
A

)

A\

“n

N

Fh‘f N\ \\‘

t"l
-

\

)

n_T.V NN

N\

F A\

Nl
\J
-
\:'_‘

&
- N
i \
.I‘ \.
=N\
T
AN

N
'

f.t\.' ’ ik

o/
2]

o

\,

i

é
o

O

I

‘ o

(i
g
2

iy
-
{

i

el
.:L‘

(

\ 3
e

~
N

\
'\\\“ P

N

10

i South

METERS
3]
[

11bA

CRANE LAKE TRENCH
WEST WALL EXPLANATION OF SYMBOLS IN CRANE LAKE TRENCH

Faults
= Distinct primary fault with displacement--Faults
/ are numbered separately in red (e.g., 3.2.1)

<4

Indistinct primary fault, displacement probable
” / P v P P

/‘ .
s Inferred primary fault or fracture
R primay

Z - Indistinct secondary fault, landslide plane

-~ (labeled L), or fracture
106
05N Strike (0-360°) and dip (°) of fault
Contacts
— Sharp or distinct
— Gradual and/or indistinct
T Inferred
__<="=  Indistinct lateral changes in lithofacies

Intra-unit contacts or structures

— Distinct contacts on deformation structures
or edges of bedrock clasts

- Distinct bedding

805%‘50 Strike (0-360°) and dip (°) of bedding
("o" indicates overturned bedding)

Symbols

— Charcoal beds

SO\ Large roots or pieces of wood

Selected cobbles and boulders

1.9 ka®0 Radiocarbon ages, rounded to nearest 100 yr (ka is 1000 yr BP; dated

material is charcoal; ages <20 ka are calibrated in approximate

solar yrs; other ages are in 14C yr BP; superscript is sample number

on Table CL1)
A close (?) maximum age for host sediment
A maximum age for host sediment
A minimum (?) age for host sediment

m %0 Pollen, diatom and/or macrofossil sample (superscript is sample

number on Table 4).

11bA
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SECOND EXPOSURE 0.3-1.0 m WEST OF ORIGINAL TRENCH WALL
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Notes refer to locations (“n8”; numbered approximately from left to right) on trench log.

Soil Profile CL-S1 located 7m to north (Figure 2 above

North

n1—The thin, discontinuous A and O horizons on the surface soil in this part of the trench suggest that the surface horizons of the soil on unit 11 have been eroded, probably by logs being dragged through the col cut by the trench (Fig. 1).

n2—The bowl-like shape and organic-rich lithology of parts of unit 6¢ suggest that it is a tree-throw crater that has been partly filled with sediment from units 4a and 6a.

n3—The uniform, buff-colored, silty pebbly sand lithology of unit 6a, combined with its wedge shape and footslope position, suggest that it is colluvium derived from blocks of unit 4a that were once exposed in the hanging wall of faults 1.1-1.3.

n4—Strikes and dips of faults in this position on the unmapped east wall of the trench, correlative with faults 1.1-1.3, are 090°/90°, 110°/90°, and 095°/45°S.

n5—Unit 8b is a very heterogeneous scarp-derived and hanging-wall-collapse colluvium with irregular patches of brown, organic-rich sediment, gray sandy sediment, and pebbly, silty, sandy sediment. Internal features and adjacent stratigraphic

relations suggest that it has been faulted at least twice.

n6—Unit 14bAB is colluvium consisting mostly of clasts of units 13eBw, 13bAB, and 1gBC. It is mapped as two separate units in the second exposure (inset).

n7—This tongue of weathered bedrock has been faulted (thrust) over unit 8c; it is not part of a slide block. The contact of unit 1b with unit 10 is depositional.

n8—Unit 4c is an intensely sheared zone of sediment from units 4a (dominant), 3¢, and 1. Abundant faults within the zone are not mapped.

n9—Near this location, Unit 3 fills an erosional channel cut into unit 1¢ with as much as 2 m of relief on the unmapped east wall of the trench; the sheared channel margin strikes about 160°.

n10—Small remnants of the charcoal-rich A horizon (unit 7A) developed on unit 1c are too thin and discontinuous to map. One such remnant yielded charcoal dated at 6.0 ka (Table CL1).

n11—On the unmapped east wall of the trench, strikes and dips of faults in this position are 110°/90°, 090°/45°S, and 095°/55°S.

n12—The origin of the sandy texture of this unit is unclear. It may be part of a tree-throw crater partly filled with sediment derived from sandy units that have now been completely eroded from the scarp. More likely, it is colluvium derived from

a root-stirred block of the underlying sandy bedrock (unit 1c).

n13—A vertical fault in this position (strike 105°) is well exposed on the unmapped wall of the trench, juxtaposing bedrock and pebbly sandy diamicton. Bedrock on the north side of the fault has been uplifted at least 2.0 m along the fault.

n14—The base of this sheared fissure in bedrock contains 10-mm-thick, sheared lenses of hard to soft charcoal. Only one lens is present on the mapped wall of the trench, but three lenses, each tens of centimeters long, are found in the same

feature on the unmapped east wall. The 14C age is from one of the lenses on the unmapped wall.

n15—The trench wall swings 1-1.5 m to the east between stations 21 and 24 to avoid the buttress roots of a large maple tree. The trench wall had an irregular surface and a

5-to-15-cm overhang between stations 24 and 28.

n16—The size, shape, and organic-rich sediment filling this part of unit 13cBA indicates that it is a large late Holocene root cast.

n17—The indistinct edge of unit 2 may mark an old fissure or a small normal fault. The preservation of unit 5 near the crest of the scarp suggests that it is a normal fault with

down-to-the-north displacement.

n18—Sand intrusions into unit 2 are well exposed in the east-west-trending wall at the north end of the trench.

Mapped by Sam Johnson (coordinator), Rick Koehler,
Jonathan Cox, Brian Sherrod, Ray Wells, Lee-Ann Bradley,

Alan Nelson, Harvey Kelsey, Mark Molinari, and Ralph Haugerud

August-September 1999
Graphics by Sam Johnson and Lee-Ann Bradley

Excavation by Pat Cearley, Burley, WA
Access and support by Port Blakely Tree Farms, L.P.
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FIELD AND LABORATORY DATA FROM AN EARTHQUAKE HISTORY STUDY OF THE TOE JAM HILL FAULT, BAINBRIDGE ISLAND, WASHINGTON

1U.S. Geological Survey, P.O. Box 25046, Denver, CO 80225
2U.S. Geological Survey, 345 Middlefield Road, Menlo Park, CA 94025
3 Department of Geology, Humboldt State University, Arcata, CA 95521
4U.S. Geological Survey at Department of Earth and Space Sciences,
University of Washington, Seattle, WA 98195
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EXPLANATION OF SYMBOLS

Base of fault or fold scarp—Dashed where probable
Soil pit (profile) location

Gouge core location

Trench location

Scarp profile location

N ti\‘ N
N \“‘“ !f"-
L)
T NSNRY ‘-‘ \

.“ ‘F-‘

\
it
A\

NN

AT
N
WEEENNN

S

EXPLANATION OF UNITS IN CRANE LAKE TRENCH

Unit 1—Deeply weathered, folded, faulted, and fractured mudstone and sandstone (probably Blakely Harbor

Formation; Miocene)
1a—Gray silty mudstone
1b—Gray mudstone with organic-rich laminae
1c—Interfingering silty mudstone and fine-to-medium-grained sandstone
1d—Mudstone/sandstone breccia and sheared clay
1le—Waxy clay saprolite developed on silty mudstone

1fCB—Highly weathered, crumbly, non-saprolitic silty mudstone with incipient B horizon development

1gBC—Lower part of B horizon developed in weathered upper part of unit 1
1gBt—Ardillic B horizon developed in weathered upper part of unit 1
1hBC—Lower part of B horizon developed in weathered sandy bed in upper part of unit 1

Unit 2—Pebbly, sandy, clayey silt (drift filling wide fissure in unit 1; Pleistocene)
2a—Mixture of silty clay and pebbly sandy clayey silt
2bBC—Lower part of B horizon developed in weathered upper part of unit 2

Unit 3—Pebbly diamicton, gravel, and sand (probably ice-contact drift; late? Pleistocene)
3a—Pebbly clayey diamicton
3b—Sandy pebbly cobbly diamicton
3c—Weakly stratified cobbly sand and gravel

Unit 4—Stratified sand (probably outwash; late? Pleistocene)
4a—Well sorted fine sand with low-angle stratification and channel structures
4aE—E horizon developed in unit 4a (soil is Holocene)
4b—Poorly sorted silty pebbly sand (transported clast of unexposed unit)

4c—Sandy pebbly clayey brecciated diamicton, consisting of sediment from units 4 (predominant), 3c, and 1c

(highly deformed shear zone, possibly intruded by liquefied sand; late Pleistocene and Holocene)

Unit 5—Pebbly silty sand (root-stirred ice-contact or proglacial drift in channel; late Pleistocene)
5B/E—Patchy areas of B and E horizons developed in upper part of unit 5 (soil is Holocene)
5E—E horizon developed in lower part of unit 5 (soil is Holocene)

Unit 6—Silty fine sand (proximal scarp colluvium derived from unit 4 and A-horizon sediment that fills cavities;

middle to late Holocene)

6a—Weakly cemented, buff-colored silty sand (proximal scarp colluvium derived from unit 4 when it was exposed

in the hanging wall)
6bA—Organic-rich sand (root casts)
6¢c—Organic-rich sand (probable tree-throw crater)
6dE—Weak E horizon developed in upper part of unit 6¢
6eBw—Discontinuous Bw horizon developed in unit 6

Unit 7A—Organic-rich A horizon developed in unit 1c (late Holocene)

Unit 8—Gray-brown pebbly clayey silt and silty clay (hanging-wall-collapse and slope colluvium; late Holocene)
8a—Gray silty clay breccia (colluvium with clasts of unit 1c derived mostly from collapse of hanging wall)

8b—Gray pebbly clayey silt (derived from erosion of E and B horizons and sandy pebbly drift up slope)

8c—Gray-brown pebbly sandy clayey silt (derived partly from erosion of A and B horizons and sandy pebbly drift

up slope)

Unit 9A—Organic-rich A horizon developed in unit 1b (late Holocene)

Unit 10—Light-gray sandy clayey silt (scarp colluvium derived partly from erosion of E horizons and sandy pebbly

drift up slope; late Holocene)

Unit 11—Pebbly silty fine sand (root-stirred sediment and slope colluvium derived from units 4 and 6; late Holocene)

11aA—A-horizon sediment (fills deep root casts in unit 11)

11b—Pebbly silty sand (root-stirred sediment and distal slope colluvium)
11bA—A/O horizons developed on unit 11b (partly fills shallow root casts)
11bBw—Bw horizon developed in unit 11b

Unit 12— oose, red-brown silty clay (scarp colluvium derived largely from collapse and erosion of units 1gBC and

13aBw up slope; latest Holocene)

Unit 13—Sandy pebbly clayey silt (A and B horizons developed in root-stirred sediment, slope colluvium, and older

soils on unit 1; includes modern soil; middle-to-late Holocene)
13aBA—Lower B and A horizons (gradational and undifferentiated)
13aBw—Bw horizon (late Holocene)
13aBt—Argillic Bt horizons

13aBt/E—Discontinuous zones of Bt and E horizons or areas where E horizon sediment has infiltrated into

fractures and voids in B horizons

13bA—A and O horizons (undifferentiated) developed in loose, organic-rich, root-stirred sediment (latest Holocene)
13bAB—A and B horizons (undifferentiated) developed in loose, organic-rich, root-stirred sediment (late Holocene)
13cBA—Lower A and B horizons (undifferentiated) developed on unit 1e (sediment partly fills a large root cast)
13dBt—Argillic Bt horizon developed on sandy parent material (probably derived from sandstone bed in unit 1)
13eBw—Fractured block of unit 10aBw (block slid 0.8 m down the scarp and has highly gradational contact with

underlying thoroughly disaggredated unit 12 colluvium of similar lithology)

Unit 14—Sandy clayey silt (scarp colluvium and fissure fill; latest Holocene)

14a—Organic-rich sandy clayey silt (fissure fill consisting of charcoal, O horizon sediment, and blocks of A and

B horizons)

14bAB—Sandy clayey silt (mostly clasts of A and upper B horizons including modern A and O horizons) on

steep scarp

14cBA—Sandy clayey silt (mostly clasts of lower A and upper and lower B horizons) on steep scarp (modern A

and O horizons mapped separately in second exposure as overlying unit 13bA)
14d—Loose, gray sandy clayey silt (fissure fill derived largely from unit 10 and overlying A horizons)

Alan R. Nelson,! Samuel Y. Johnson,! Ray E. Wells,? Silvio K. Pezzopane,! Harvey M. Kelsey,? Brian L. Sherrod,* Lee-Ann Bradley,! Rick D. Koehler III,> Robert C. Bucknam,! Ralph Haugerud* and William T. Laprade®

This report is preliminary and has not been reviewed for conformity
with U.S. Geological Survey editorial standards or with the North
American Stratigraphic Code. Any use of trade, firm, or product names
is for descriptive purposes only and does not imply endorsement by the
U.S. Government.

A PDF file for this map is available at
http://geology.cr.usgs.gov/greenwood-pubs.html

Hardcopy for sale by U.S. Geological Survey Information Services,
Box 25286, Federal Center, Denver, CO 80225.



